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ABSTRACT
Background Increasing parity and operative vaginal delivery have been suggested 
to be responsible for pelvic ﬂ oor trauma with subsequent appearance of long term 
urinary stress incontinence [1-5]. However, there is no general agreement regarding 
this concept, as these ﬁ ndings could not be conﬁ rmed in all studies[6-9]. Until now, 
the results of epidemiological studies are inconclusive, as no single event, such 
as mode of delivery, has been found responsible for the development of urinary 
incontinence [10-13]. From earlier studies [14,15] we concluded that pregnancy and 
spontaneous vaginal delivery signiﬁ cantly alter the static and dynamic condition of 
bladder neck mobility.  The objective of this study is to compare spontaneous and 
operative vaginal delivery for pelvic ﬂ oor characteristics and urinary incontinence. 
Methods A cohort of 92 nulliparous women, followed throughout pregnancy up 
to 6 months postpartum, where 62 had a spontaneous vaginal delivery and 30 had 
an operative vaginal delivery. Bladder neck position and mobility were measured by 
perineal ultrasound; urinary incontinence was assessed by a questionnaire and by a 
24-hour pad test. Women were studied at 38 weeks pregnancy, and 6 weeks and 6 
months after childbirth, respectively. 
Results Ante- and postpartum pelvic ﬂ oor characteristics did not differ for 
spontaneous and operative vaginal delivery. Birth related factors predicting changes 
in pelvic ﬂ oor function were not identiﬁ ed. Post partum (hyper)mobility of the UVJ 
is signiﬁ cantly correlated with ante partum (hyper)mobility. 
Conclusions Extrinsic factors predicting pelvic ﬂ oor dysfunction, such as birth 
related factors, were not identiﬁ ed. As we found that post partum compliance is 
signiﬁ cantly correlated with ante partum values, intrinsic factors, such as collagen 
characteristics, may be more important.  
Keywords Pelvic ﬂ oor, perineal ultrasound, urethral mobility, incontinence, vaginal 
delivery
METHODS 
This study is part of a larger prospective study on the effect of pregnancy, delivery 
and puerperium on changes in pelvic ﬂ oor mobility and urinary incontinence. The 
effects of pregnancy and of spontaneous vaginal delivery have been previously 
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described [14,15].  Of the 117 nulliparous women, initially recruited for that study at 
the University Medical Centre Groningen and at the Martini Hospital Groningen, 62 
had a spontaneous vaginal term delivery with vertex presentation, 30 had operative 
vaginal delivery with vertex presentation, 22 had vacuum delivery and 8 had forceps 
delivery. All these women completed follow-up until 6 months post partum. 
After ruling out signiﬁ cant difference in variance within and between groups, 
vacuum and forceps delivery, these groups were taken together and redeﬁ ned 
as the operative vaginal delivery group. 15 women had a Cesarean delivery.  As 
the number of women with Cesarean delivery was small and the indications were 
heterogeneous (primary and secondary, arrest of labor in several states) we decided 
to exclude the results from this publication. 
All women were nulliparous, with singleton pregnancies and none of them had a 
history of incontinence, pelvic operations or neurological disease before pregnancy. 
Written informed consent was obtained from all participating women. The study 
was approved by the medical ethics committee of the hospital.  
Perineal ultrasound was performed with Aloka 600 equipment with a 3.5 MHz convex 
transducer and the woman in the lithotomy position. Bladder volume varied from 
100-300 ml. The position of the urethro-vesical junction was recorded continuously 
during coughing and during the Valsalva maneuver. Simultaneous abdominal 
pressure changes were recorded by the insertion of a microtip pressure transducer 
(Gaeltec) high in the posterior fornix of the vagina. From the pressure changes and 
the simultaneously recorded bladder neck movements the displacement pressure 
coefﬁ cient was calculated, an index for the dynamic characteristics of the pelvic 
ﬂ oor, known as compliance and complimentary to stiffness, see ﬁ gure 1a-c. We refer 
to the displacement pressure coefﬁ cient as Valsalva and coughing compliance. All 
scans were made by the ﬁ rst and second author. Inter and intra observer variability 
was less than 5%. A more extensive description of the methods can be found in 
a previous article[15]. To remove outliers from the data we excluded from further 
analysis those sessions with duplicates outside the 95% conﬁ dence interval [16].
At each visit all women completed a questionnaire on symptoms of incontinence. 
Reported incontinence concerns the loss of urine on physical effort. They were also 
given pads to be worn for 24 hours preceding their second and following visits. The 
outcome of the 24-hour pad test was recorded as the weight gain of the pad at each 
visit. A cut-off level of 9 g was used to classify a woman as incontinent[17,18]
Using SPSS for windows, all continuous variables were tested for normal distribution 
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using the Kolmogorov-Smirnov test; no continuous variables were assigned to 
differ from the normal distribution. For comparison between groups of continuous 
variables the t-test for equality of means and for data in categories the Fisher’s exact 
test was used. To identify signiﬁ cant relationships between variables the Pearson 
correlation test was used. ANOVA test was used to analyze variance between and 
within groups. Continuous data are presented as mean and standard error of the 
mean, categorical data are presented as absolute numbers and percentages. 
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Figure 1a-c: Simultaneous perineal ultrasound and vaginal pressure measurements. Figure 1a shows the 
time series for pressure changes during the Valsalva manoeuvre, at a frequency of 8 Hz. Figure 1b shows 
the simultaneous recorded time series for the rotation angle and ﬁ gure 1c is the cross plot of ﬁ gure 1a and 
1b. The slope of the line connecting the starting point and the point at maximum pressure is deﬁ ned as a 
characteristic parameter of  the pelvic ﬂ oor, the displacement/pressure coefﬁ cient, i.e. compliance, expressed 
as the displacement of the urethro-vesical junction in degrees per abdominal pressure change in cm H2O.
RESULTS
Birth related characteristics for the study groups are presented in table 1. As may 
be expected, the number of episiotomies is higher in the operative vaginal delivery 
group. Other birth related parameters did not differ for the groups.
The results of the consecutive measurements of the urethro-vesical junction in the 
two study groups are presented in tables 2, 3 and 4. 
The resting angle of the UVJ
In the operative vaginal delivery group the resting angle of the urethro-vesical 
junction tended to be smaller than in the spontaneous group, but the difference did 
not reach the level of signiﬁ cance. 
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First stage of labor (min.) 555 (52) 555 (86) 0.975 
Active stage of labor (min.) 46 (4) 60 (7) 0.065
Birth weight (grams) 3416 (62) 3440 (91) 0.810
Head circumference (cm.) 34.4 (0.2) 34.4 (0.3) 0.984
episiotomy 22 27 0.001
age (years) 30.3 (0.65) 31.0 (0.68) 0.477





p-value Mean difference (95% 
conﬁ dence limits)
38 wks 63 (1.9) 60 (2.8) 0.324 3.4  (-3.4 – 10.1)
 6 wks 64 (1.7) 59 (2.9) 0.121 5.0  (-1.3 – 11.3)
 6 mths 57 (1.9) 54 (3.6) 0.488 2.6  (-4.7 –   9.8)





p-value Mean difference (95% 
conﬁ dence limits)
38 wks 0.20, (0.01) 0.17, (0.01) 0.129 0.028 (-0.008 – 0.065)
 6 wks 0.26, (0.01) 0.25,(0.01) 0.730 0.008 (-0.038 – 0.054)
 6 mths 0.25, (0.02) 0.21,(0.01) 0.136 0.037 (-0.012 – 0.087)





p-value Mean difference, 95% 
conﬁ dence limits
38 wks 0.35, (0.02) 0.35, (0.04) 0.976 0.001 (-0.08 – 0.084)
 6 wks 0.39, (0.02) 0.36,(0.03) 0.384 0.033 (-0.03 – 0.110)
 6 mths 0.37, (0.03) 0.29,(0.03) 0.077 0.079 (-0.01 – 0.167)
The compliance during coughing and during Valsalva
Between the two groups no signiﬁ cant differences were found at the three points 
of time studied. 
Both post partum Valsalva and cough compliance measurements at 6 weeks and 6 
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months were signiﬁ cantly correlated with the ante partum value as measured at 38 
weeks of pregnancy, see table 5.
The results of the consecutive measurements in the two study groups for reported 
urinary incontinence and pad tests are given in tables 6 and 7.
Urinary incontinence was more frequently reported by women in the operative 
delivery group at all time points studied, but the results were not signiﬁ cantly 
different compared to the spontaneous delivery group. Pads were returned according 
to the protocol by 84% at term and 67% and 64% of the women at the ﬁ rst and 
second visit postpartum respectively. The results of the pad test showed a much 
lower incontinence rate, with similar values for the two groups. 
The obstetric variables birth weight, head circumference, duration of stages of labor 
and condition of the post partum perineum did not signiﬁ cantly correlate with the 
pelvic ﬂ oor characteristics that were measured. Also, no signiﬁ cant relationship was 
found between these obstetric variables and the reported urinary incontinence and 
the pad test results.
Table 5: Pearson correlation coefﬁ cients for cough and Valsalva compliances before and after delivery
Compliance 6 wks post partum Compliance 6 months post partum
Cough compliance ante partum 0.36 (p=0.01) 0.49 (p=0.001)
Valsalva compliance ante partum 0.39 (p=0.001) 0.45 (p=0.001)





p-value RR(95% conﬁ dence 
limits)
38 weeks 16 (26%) 12 (40%) 0.227 0.65(0.35-1.19)
6 weeks post partum 10 (16%) 9  (30%) 0.169 0.54(0.24-1.18)
6 months post partum 7  (11%) 7  (23%) 0.214 0.48(0.19-1.26)
Table 7: Number of women with a positive pad-test result and total number of returned pads according to 





p-value RR(95% conﬁ dence 
limits)
38 weeks 8/54(15%) 4/24(17%) 1.0 0.89(0.30-2.67)
6 weeks post partum 4/40(10%) 2/21(10%) 1.0 1.05(0.21-5.27)
6 months post partum 2/39(5%) 1/20(5%) 1.0 1.03(0.10-10.6)
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DISCUSSION
Pelvic ﬂ oor characteristics
In our study post partum (hyper) mobility is not inﬂ uenced by the type of delivery, 
but by the ante partum mobility and therefore seems to be determined by (intrinsic) 
patient characteristics. As early as 1982 van Geelen found no relation between birth 
related factors and urethral pressure proﬁ le parameters, therefore he concluded at 
that time that an inherent weakness of the urethral sphincter mechanism plays a key 
role in the pathogenesis of stress incontinence[19]. Dietz and Steensma[20] found 
that women with a greater ante partum descent  had most marked post partum 
change. King and Freeman[21] described a positive correlation between antenatal 
bladder neck mobility and post partum urinary incontinence possibly indicating that 
genetically deﬁ ned collagen quality might play an important role. From a recent 
study Dietz[22] concludes that a signiﬁ cant genetic contribution to the phenotype 
of bladder neck mobility appears likely. 
There is general belief that bladder neck descent is a predictor of genuine stress 
incontinence[23-25] This means that persistent anatomical and functional 
changes in the pelvic ﬂ oor may play an important role in the etiology of urinary 
stress incontinence later in life. Ultra fast MR Imaging of the pelvic ﬂ oor anatomy 
has shown that pelvic ﬂ oor laxity and supporting fascia abnormalities are most 
common in women with stress incontinence[26]. The importance of bladder neck 
mobility for the development of stress incontinence is emphasized by several 
authors[20,21,27].  
In our study women with operative and spontaneous vaginal delivery have 
comparable ante partum and postpartum pelvic ﬂ oor characteristics. In a previous 
study we reported signiﬁ cant changes due to childbirth for the spontaneous vaginal 
delivery group, i.e. a widening of the resting angle and increase of the compliance. 
We now found that operative vaginal delivery has comparable consequences. 
Therefore, if these changes are predictors of incontinence later in lifetime, in both 
groups women are at the same risk to develop incontinence later. 
Obstetric variables
Episiotomy is a routine procedure in operative vaginal delivery in our hospitals. We 
found no difference in pelvic ﬂ oor characteristics after mediolateral episiotomy 
when compared to intact perineum or perineal lacerations. This matter is subject 
of debate for a long time already[28-30]. As the procedure and the indication for 
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episiotomy is not uniform in different countries, even not in different hospitals, 
it will be hard to ﬁ nd out the prognostic value for pelvic ﬂ oor disorders. In our 
study it is not a prognostic factor for pelvic ﬂ oor function later post partum. Other 
birth parameters, such as duration of labor, birth weight and head circumference 
did not correlate with pelvic ﬂ oor characteristics as well. The ﬁ nding that these 
extrinsic factors do not inﬂ uence pelvic ﬂ oor characteristics is in agreement with 
the conclusions of others who emphasize the inﬂ uence of intrinsic factors, such as 
genetically determined characteristics of the collagen tissue[21,22,31]. 
Incontinence parameters
The present data showed no signiﬁ cant differences for urinary incontinence between 
the group of women who delivered spontaneously and the group who had an 
operative vaginal delivery. In a meta analysis the symptom of stress incontinence 
was 91% sensitive but only 51% speciﬁ c for detecting genuine stress urinary 
incontinence as deﬁ ned by the International Continence Society, based on history 
and urodynamic testing[32]. By using the 24 hour pad test we tried to bring forward 
objective data. We found a great difference between the number of women with 
self reported incontinence and incontinence according to a positive pad test. 
Urinary incontinence is measured twice as much by questionnaire as by pad test. 
The difference in outcome between the two methods is a well known phenomenon 
in the literature[33,34].
We realize that our study has its limitations. We did not investigate the effect of 
CS, so our conclusions are limited to vaginal birth. The weakness of the study is 
the relatively small number of patients; the strength is the prospective design, 
the homogeneous group, the objective measurements and the follow up until 6 
months.
In conclusion we found that pelvic ﬂ oor characteristics change as a result of vaginal 
delivery in nulliparous women. These changes occur after spontaneous as well as after 
operative vaginal delivery.  As to these changes we found no signiﬁ cant differences 
between the spontaneously and the operatively delivered group. Also for urinary 
incontinence, both measured subjectively and objectively, we found no signiﬁ cant 
differences between the two groups of women. Extrinsic factors predicting pelvic 
ﬂ oor dysfunction, such as birth related factors, were not identiﬁ ed.  As we found 
that post partum compliance is signiﬁ cantly correlated with ante partum values, 
intrinsic factors, such as collagen characteristics, may be more important.   
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